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APPARATUS FOR MANUFACTURING A HONEYCOMB 
STRUCTURE HAVING SLITS 

CROSS REFERENCE TO RELATED APPLICATION 
This application is a division of U.S. Application Serial 
No. 09/768,891, filed January 24, 2001, the entirety of which 
is incorporated herein by reference. 

BACKGROUND OF THE INVENTION 
Field of Invention 

[0001] The present invention is directed to a method for 

manufacturing a honeycomb structure having slits and having a 
plurality of arrays of numerous cells aligned in parallel, an 
apparatus for manufacturing the same, and more particularly to 
a method for manufacturing a honeycomb structure having slits 
formed along arrays of numerous cells aligned in parallel and 
communicating with an external space, and an apparatus for 
manufacturing the same. 

Related Art Statement 

[0002] A honeycomb structure is known as a structure in which 
a plurality of arrays of numerous cells are formed by being aligned 
in parallel to a base, and is used as a light yet strong structural 
member for aircraft or the like, and a catalyst carrier having 
a large air flow for automotive exhaust gas purification or the 
like . Additionally, it is utilized as adust filter or a sol id- liquid 
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separation filter having a large filtering area per unit volume, 
in a case where the base is made of a ceramic porous material 
having fine pores. 

[0003] The aforementioned applications are derived from the 
feature of the honeycomb structure in that it has a plurality 
of cells isolated from external space, however, slits 
communicating with external space are formed on the structure 
by deliberately cutting or grinding parts of the cells for certain 
purposes . 

[0004] For instance, a honeycomb structure 21 shown in Fig. 
2(b) is a solid-liquid separation filter for removing insoluble 
matters of a particle diameter larger than the pores of a base 
22 by injecting a liquid to be treated into cells 23 and by letting 
only a filtrate that has passed the pores of the base 22 flow 
out to external space. A part of the cells 23 is deliberately 
cut or ground along the specific cell arrays 26a out of a plurality 
of cell arrays 26 to form slits 24, thereby the structure can 
communicate with external space . Such a honeycomb structure will 
be referred to hereinafter as a honeycomb structure having slits) . 
[0005] In such a solid-liquid separation filter, as a filtrate 

having passed the inside of the base 22 , i.e. cells near the central 
part, flows out directly through the slits 24 to external space, 
the traveling distance of the filtrate through pores of the base 
22 can be shortened to reduce the fluid resistance during filtration 
This results in the advantage that, even where a filter having 
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a large volume is used, the liquid throughput is not reduced and 

a sufficient filtering capacity can be retained. 

[0006] Furthermore, the contamination of the filtrate with 

a liquid to be treated can be prevented merely by sealing the 

cell arrays 26a in which the slits 24 are formed at the both ends 

of said arrays 26a with a sealing member 25 made of glass or the 

like. 

[0007] According to the conventional methods, a honeycomb 
structure having slits described above is manufactured by drying 
and baking ceramic body after extruding and: 

(1) marking off the external side face of the structure in 
such a manner that the specified cell arrays in which slits are 
to be formed at both end faces of the honeycomb structure where 
cell openings are located , are connected with the marked off line, 
and forming the slits by cutting or grinding the marked off portions 
with a micro-grinder, drill or the like. This method is 
hereinafter referred to as a first method; or 

(2) forming slits by cutting the structure along the specified 
cell arrays with a grind stone or the like while watching with 
naked eyes to determine the position of the cell arrays of the 
honeycomb structure at which the slits are to be formed. This 
method is hereinafter referred to as a second method. 

[0008] However, in the case of the first method, it is not 
possible to eliminate machining errors such as breaking arrays 
of adjacent cells or cutting cell walls of adjacent cells, even 
cutting the marked off portions accurately. This is because it 
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is not so easy even for the well-experienced workers to cut or 
grind the targeted cell arrays alone , in addition to the troublesome 
manual work of marking off. This is because the cell arrays in 
which slits are to be formed are not always positioned along the 
lines connecting the cell arrays marked off at the end faces where 
cell openings are located of the structure due to the frequent 
distortion and/or frequent deformation of cell arrays, which is 
derived from the compression or the deformation of the molded 
article during the steps of extruding, drying and firing the molded 
article . 

[0009] That is, the first method is not a simple one fitted 

for mass production, and furthermore it is difficult to form fine 
slits accurately . 

[0010] The difficulty in forming fine slits accurately means 
that the formation of slits in a honeycomb body of such a fine 
structure that one having fine cell pores of 2 to 3 mm and having 
a wall thickness of about 0.5 mm is extremely difficult. 

[0011] The second method, on the other hand, can reduce 
machining errors because slits are formed while watching the cell 
arrays with naked eyes, compared with the first method. However, 
there is still a problem since it requires such a troublesome 
manual work that one should cut into the end faces of the structure 
while watching the cell arrays with naked eyes. Accordingly, one 
may say that fine slits can be formed accurately by utilizing 
the second method, however, there is a problem in that it is not 
simple to apply it to mass production. 
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[0012] Moreover, there is another problem in the second method 
in that the mechanical strength at the two ends of the structure 
is weakened because, inevitably, slits are formed there. The 
weakened mechanical strength at the two ends of the structure 
is not preferable. This is because the filter is easily broken 
by mechanical forces such as distortion or impact given thereto 
at the time of fitting; and the bending stress derived from the 
dimensional tolerance of the structure or the surface pressure 
of sealing, in the case that one uses the structure as a solid-liquid 
separation filter by utilizing both ends of the structure as a 
sealing portion at the time of fixing it at both ends. 
[0013] Moreover, the formation of the slits is not an easy 
task in either the first method or the second method since a 
honeycomb structure hardened and densified after firing should 
be used for the processing of the slits in both methods . The second 
method may be applied to a molded article before drying and firing, 
however, it is not preferable since there is a fear of magnifying 
the contraction or deformation of the structure at the two ends 
at the time of drying and firing. This might cause sealing failure 
when the structure is used as a solid-liquid separation filter. 
[0014] As hitherto described, any conventional method for 
manufacturing a honeycomb structure having slits is not 
satisfactory since it is furnished with neither formation of slits 
in accuracy and fineness nor sufficient simplicity fitted for 
mass production . 1 
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SUMMARY OF THE INVENTION 
[0015] The present invention has been made so as to solve those 
problems. x That is, the object of the present invention is to 
provide a method for manufacturing a honeycomb structure having 
slits capable of forming accurately fine slits by cutting or 
grinding the specified cell arrays alone, and being fitted to 
mass production. 

[0016] The present invention has been completed, as a result 
of intensive studies, based on the findings that those problems 
mentioned above can be solved by adopting a slit forming method 
in which a slit forming member is protruded during the step of 
extruding a honeycomb structure. 

[0017] Thus, according to the present invention, there is 
provided a method for manufacturing a honeycomb structure having 
slits and having a plurality of arrays of numerous cells aligned 
in parallel ; the slits communicating with external space and being 
formed along the cell arrays, wherein the slits are formed during 
the step of extruding a honeycomb structure by protruding a slit 
forming member toward the molded article during that time. 

[0018] In the method according to the present invention, slits 

can be formed during the extrusion step with the formation of 
cells, or alternatively the slits may be formed by cutting the 
specified arrays after the formation of the cells. 

[0019] Further in the method according to the present invention, 

it is preferable to monitor the position of the molded article 
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during the step of the extrusion, and to control the actions of 
the slit forming member on based the monitoring. 

[0020] Further according to the present invention, there is 

provided an apparatus for manufacturing a honeycomb structure 
having slits and a plurality of arrays of numerous cells aligned 
in parallel ; the slits communicating with external space and being 
formed along the cell arrays, which comprises an extruder having 
an extruding mouth piece for a honeycomb structure, and a slit 
forming member installed near the extruding mouthpiece and capable 
of protruding along specified cell arrays of a molded article 
being extruded in which slits are to be formed. 

[0021] In the apparatus according to the present invention, 

the slit forming member may be arranged so as to protrude either 
inwardly or outwardly toward the extruding mouth piece . Where 
the slit forming member is arranged so as to protrude outwardly 
the extruding mouth piece, a J bit is preferable as a slit forming 
member . 

[0022] Further, it is preferable to have monitoring means for 

monitoring the position of the molded article being extruded and 
control means for controlling the actions of the slit forming 
member based on the monitoring data. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0023] Figs. 1(a) and 1(b) show a schematic cross section of 

a slit part in one preferred embodiment of amethod for manufacturing 
a honeycomb structure having slits according to the present 
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invention, wherein Fig. 1(a) shows how slits are formed only on 
an external wall portion of a molded article, and Fig. 1 (b) shows 
how slits are formed in the internal of the molded article. 

[0024] Figs. 2(a) and2 (b) schematically illustrate a honeycomb 
structure having slits in one mode of implementing the present 
invention, wherein Fig. 2(a) shows an expanded view of a cell 
part and Fig. 2(b), a perspective view of the overall shape. 

[0025] Figs. 3 (a) and 3 (b) schematically illustrate a honeycomb 
structure having slits as another embodiment of the present 
honeycomb structure having slits, wherein Fig. 3(a) is a 
perspective view of the overall shape and Fig. 3 (b) , an expanded 
view of cell portion. 

[0026] Fig . 4 schematically illustrates a shape of an extrusion 

mouth piece. 

[0027] Figs. 5(a) through 5(c) schematically illustrate edge 

shapes of a slit forming member usable for the present apparatus. 

[0028] Figs. 6(a) through 6 (g) schematically illustrate edge 

shapes of another slit forming member usable for the present 
apparatus . 

[0029] Fig. 7 schematically illustrates one embodiment of the 
present manufacturing apparatus . 

[0030] Fig . 8 schematically illustrates one of monitoring means 

usable for the present apparatus. 

[0031] Fig. 9 is a schematic sectional view of forming slit 

portion according to one preferred embodiment of the present method 
for manufacturing a honeycomb structure having slits. 
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[0032] Fig. 10 illustrates a schematic partial view according 
to another preferred embodiment of the present method for 
manufacturing a honeycomb structure having slits. 
[0033] Fig. 11 is a schematic diagram illustrating a honeycomb 
structure having slits manufactured according to the conventional 
method. 

[0034] Figs. 12(a) and 12(b) schematically illustrate heat 
exchangers, wherein Fig. 12(a) shows a conventional heat exchanger 
and Fig . 12(b), a heat exchanger using a honeycomb structure having 
slits obtainable according to the present method. 

DETAILED DESCRIPTION OF THE INVENTION 
[0035] The method for manufacturing a honeycomb structure 
having slits according to the present invention is characterized 
in that, at the step of extruding the honeycomb structure, slits 
are formed by protruding the slit forming member toward the molded 
article. Fine slits may be formed by cutting or grinding only 
the targeted cell array or arrays according to the present method, 
and this method is a simple one fitted to mass production. The 
present invention will be described in detail below. 

1 . Manufacturing Method 

[0036] A first feature of the method for manufacturing a 
honeycomb structure having slits according to the present 
invention is to form slits during the step of extruding the honeycomb 
structure. According to the present method, a relatively soft 



green molded article is used for the formation of the slits instead 
of a hardened and densified, dried, and/or fired article. The 
formation of slits may be done simultaneously with the extrusion 
of a honeycomb structure body, time and labor required for 
manufacturing a honeycomb structure having slits may be saved, 
compared with separate slit forming method using a dried or a 
fired article according to the conventional method. 
[0037] Further, in the case where the slit cell arrays 26a 

are to be sealed as shown in Fig. 2(a) according to the present 
method, the firing of the molded article and that of sealing members 
2 5 may be made simultaneously. Thus, one may save one step for 
firing, compared with the case when slits are formed in a fired 
article . 

- [0038] Thus, one may say that this method is not only a highly 

productive method, but also a method fitted to mass production. 
[0039] Even in the first method among the conventional methods , 

the firing of a molded article and that of sealing members can 
only be done at the same time if the cell arrays in which slits 
are to be formed are sealed prior to firing . In this case, however, 
it is not preferable since the removal of the chips formed during 
forming the slits or the like becomes difficult because the 
formation of slits is done after sealing. 

[0040] A second feature of the method for manufacturing a 
honeycomb structure having slits according to the present 
invention is to form slits by boring slits in a molded article 
while the molded article is being extruded. 
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[0041] Since slits are formed either simultaneously with or 
immediately after the formation of the cells of the honeycomb 
structure, the position matching of the slit forming member with 
the targeted cell array (s) becomes easier according to this method. 
Thus, the molded article is less susceptible to the impacts of 
compression or deformation during extrusion and the drying and 
firing of the molded article than separate slit forming method 
after extrusion. 

[0042] Therefore, it is made possible to accurately form fine 
slits by cutting only the targeted cell array(s), thereby the 
occurrence of machining errors such as breaking adjacent cell 
arrays or cutting adjacent cell walls can be reduced. As this 
method does not involve any troublesome manual work such as marking 
off of the external face in the structure or cutting into the 
end faces of the structure while watching the cell array (s) with 
naked eyes, it may be automated and is fitted to mass production. 
[0 043] A third feature of a method for manufacturing a honeycomb 
structure having slits according to the present invention is to 
form slits by protruding a slit forming member toward a molded 
article during the extruding step. 

[0044] Slits may be formed even in the central part of the 

structure according to the present method. This is because the 
formation of slits having any desired length in any desired posit ion 
of a structure in its lengthwise direction may be done by adjusting 
the position of the molded article during the extrusion step and 
the timing for protruding the slit forming member. 
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[0045] Therefore, the problem of weakened mechanical strength 
at the two ends of the structure or increased compression or 
deformation can be averted, and thus this method may be applicable, 
with a particular suitableness, to the manufacture of a honeycomb 
structure having slits for a solid-liquid separation filter. 
[0046] Incidentally, it is not preferable to fix a slit forming 

member to the extruding mouth piece instead of protruding the 
silt forming member toward a molded article. This is because slits 
34 would be formed all over the external circumference of the 
molded article 32 as illustrated in Fig. 3(a) . As a consequence, 
the mechanical strength of the molded article 32 is weakened, 
and breakage during extrusion of a molded article or handling 
the molded article or breakage due to stress concentration at 
the time of drying or firing becomes inevitable. 
[0047] In order to accurately form slits in any desired position 
of the structure in its lengthwise direction, it is preferable 
to monitor the position of the molded article being extruded and 
control the actions of the slit forming member based on monitoring 
data accordingly. 

[0048] Specific methods of monitoring the position of the 
molded article being extruded include: (1) direct monitoring of 
the position of the molded article with a sensor or the like, 
and (2) indirect monitoring by measuring and converting any one 
factors inclusive of the quantity, duration time for extrusion 
and the like at the time of extruding a puddled ceramic mixture. 
By controlling the timing of the actions, i.e. protrusion and 
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retracting of the slit forming member according to the monitored 
position, slits may be accurately formed in any desired position 
of the structure in its lengthwise direction. 

[0049] In this manufacturing method according to the present 

invention, the slit forming member may be protruded along the 
cell array (s) in which slits are to be formed of the molded article 
being extruded. 

[0050] Where the slit forming member is protruded 
simultaneously with the cell formation of the honeycomb structure, 
the slit forming member may constitute a part of the extruding 
mouth piece, and slits may be formed by extrusion. Where the slit 
forming member is protruded immediately after the cell formation, 
slits may be formed by cutting specified portion (s) of the molded 
article being extruded. 

[0051] Incidentally, while usually a slit forming member is 

protruded along one cell array and only that cell array is cut 
or ground, a slit forming member may as well be protruded along 
a plurality of mutually adjoining cell arrays to simultaneously 
cut or ground the plurality of cell arrays. 

[0052] In the method for manufacturing a honeycomb structure 

having slits according to the present invention, the depth of 
the slits is not particularly limited, and it may be provided 
only in the vicinity of the external face of the structure or, 
in some cases, go through the structure. Further, a plurality 
of slits can as well be formed in the lengthwise direction of 
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one cell array of the honeycomb structure or in not just one but 
a plurality of cell arrays. 

[0053] Although the length of the slits is not particularly 
limited, the total slit length in any one cell array should 
preferably be not more than 1/3 of the overall length of the 
structure in view of mechanical strength. Where a plurality of 
slits are to be formed in one cell array, it is preferable to 
keep the spacing between the respective slits at 1/10 of the length 
of the slit or more. 

[0054] Further, the length of slits is not necessarily equal, 

but, for instance, the length may be short in the internal portion 
of the structure and increased in the external portion thereof. 
Such a configuration is useful when the structure is used as a 
solid-liquid separation filter, because it enables the filtrate 
to be efficiently discharged to external space. This is because, 
in the case of a solid-liquid separation filter, the amount of 
the filtrate discharged through slit is increased due to the joining 
of filtrate f rom many cells at aperipheral portionof the structure, 
while the amount of the filtrate discharged through slits in the 
internal portion thereof is less. 

2 . Manufacturing Apparatus 

[0055] The method for manufacturing a honeycomb structure 
having slits according to the present invention can be carried 
out by using an apparatus for manufacturing a honeycomb structure 
having slits, which comprises, an extruder having an extruding 
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mouth piece for a honeycomb structure, and a slit forming member 
arranged in the vicinity of the extruding mouth piece and being 
movable along specified cell array (s) of an extruded article in 
which slits are to be formed. 

(1) Extruder 

[0056] Generally, an extruder is a molding machine that is 
provided with an extruder and an extruding mouth piece and can 
consecutively provide a molded article of a desired shape by 
extruding a molding material charged to the extruder from the 
extruding mouth piece . For the apparatus according to the present 
invention, there is no limitation regarding the type of the extruder 
to be used, and a conventional known extruder can be suitably 
used such as a single-shaft, double-shaft or multi-shaft screw 
extruder or a plunger extruder. 

[0057] The extruding mouth piece in the apparatus for 
manufacturing a honeycomb structure having slits according to 
the present invention is required to have an internal wall 
corresponding to an external shape of a honeycomb structure, and 
a shape in which cell blocks 48 corresponding to many cells aligned 
in parallel as shown in Fig. 4. That is, it should have a shape 
complementary to a honeycomb structure to be extruded . Many cells 
are formed since the cell blocks 48 of the mouth piece block a 
molding material from being pushed forward from the back side 

(not shown) of the mouth piece shown in Fig. 4. 
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[0058] Incidentally, according to the present invention, a 

puddled mixture obtained by admixing a mixture comprising a ceramic 
powder, a binder, and a solvent, and optionally a surface active 
agent, a plasticizer or the like is used as a molding material. 

(2) Slit Forming Member 

[0059] The slit forming member in the apparatus for 
manufacturing a honeycomb structure having slits according to 
the present invention is a member for forming slits in a green 
molded article which is being extruded. 

[0060] Therefore, unlike the case when a dried or fired article 
is to be machined, a slit forming member to be used for practicing 
the present invention is not required to have a hardness such 
as a bit onto which a high-speed steel edge is brazed or a grind 
stone to which diamond is electro-deposited. Indeed, it is not 
required to be a revolving body such as a grinder or a drill. 

[0061] It is preferable to install a slit forming member in 

the vicinity of the extruding mouth piece, thereby any impact 
of compression or deformation at the time of extrusion or drying 
or firing of the molded article can be eliminated as much as possible . 
Furthermore, the positioning of the slit forming member relative 
to the targeted cell array may be easily facilitated. 

[0062] More specifically, if the configuration is such that 
the slit forming member protrudes in the direction in which, out 
of the cell blocks of the extruding mouth piece, the cell blocks 
matching the cell arrays in which slits are to be formed are arranged 



in parallel, the positions of the cell arrays and the slits will 
match each other to enable fine slits to be accurately formed 
into the targeted cell array (s) alone. 

[0063] The slit forming member, as long as it is installed 

in the vicinity of the extruding mouth piece, may be disposed 
so as to protrude either outwardly or inwardly toward the extruding 
mouth piece or even to protrude both outwardly and inwardly in 
some cases . 

[0064] Where the slit forming member protrudes outwardly toward 

the mouth piece, the slit forming member functions as a cutting 
edge, and slits are formed by cutting the specif ied array (s) after 
the formation of the cell. 

[0065] On the other hand, in the case where the slit forming 

member protrudes inwardly toward the mouth piece , the slit forming 
member constitutes a part of the extruding mouth piece, and it 
blocks a puddled mixture to be extruded in that part. As a 
consequence, slits are formed simultaneously at the time of 
extruding a honeycomb structure. In this case, as shown in Fig. 
1(a), if the slit forming member 4 is installed at the position 
where the tip of the slit forming member 4 is in contact with 
the cell blocks, slits may be formed only on the external wall 
of the honeycomb structure, or if the slit forming member 4 is 
installed following the cell blocks as shown in Fig. 1(b) , slits 
5 can be provided not only on the external wall 3a of, but also 
inside the honeycomb structure. 



18 

[0066] It is preferable that the thickness of the slit forming 

member is equal to or less than the diameter of the cell pores 
not so as to break the cell wall with the slit forming member. 
In a case where a plurality of adjacent cell arrays are to be 
cut or ground simultaneously, it is preferable that the thickness 
thereof is such a thickness that the cell wall on the outermost 
row of the honeycomb structure is not broken thereby. 

[0067] Since slits are formed in the molded article during 
the extrusion step according to the present invention, the slit 
forming member should be rigid enough not to yield to the extruding 
pressure of a puddled mixture for forming honeycomb structure. 
This is because, if it is not rigid enough, the slit forming member 
may yield to the extruding pressure of the a puddled mixture and 
be deformed to invite such machining errors as breaking the adj acent 
cell arrays or cutting the cell wall . A honeycomb structure having 
a long shape in the extruding direction of a molded article such 
as a rectangular or a square shape is preferable because it makes 
the member rigid in that direction. 

[0068] A manufacturing method according to the present 
invention allows slits to be formed in any desired length by 
appropriately adjusting the position of the molded article during 
extrusion and the timing of protruding the slit forming member. 
Thus, there is no need for the length of the slit forming member 
and that of the slit to be identical. Therefore, as long as the 
aforementioned rigidity is secured, a pin- shaped slit forming 



member having no length in the extruding direction of the molded 
article can be used. 

[0069] Although the edge shape of the slit forming member is 
not particularly limited, its sectional shape across the extruding 
direction of the molded article may be round, rectangular or wedged 
as illustrated in Figs. 5(a) through 5(c) . Where the edge shape 
has corners, such as in a rectangular or wedged shape, it is 
preferable to have a taper or round shape at the corners to prevent 
them from developing cracks at the slit end when drying or firing 
the molded article. 

[0070] Further, preferable tip sectional shapes across the 

protruding direction of the slit forming member include, as shown 
in Figs. 6(a) through 6 (d) , round, rectangular, semi -annular and 
wedged shapes . 

[0071] Incidentally, it is preferable to match a tip sectional 

shape 41 across the protruding direction of the member to the 
external circumference of the molded article 42 as illustrated 
in Fig. 6(e) , because it would enable the edge (tip face) of the 
slit forming member to cut into the molded article simultaneously, 
and thereby the shape of the slit ends is formed accurately. Since 
the slit forming member is protruded toward the molded article 
being extruded according the present invention, if a tip sectional 
shape 43 does not match the molded article 42 as shown in Fig. 
6 (f ) , the part of the edge on the left of the drawing will firstly 
cut into the molded article . Therefore , the end of the slits would 



20 

be formed in a steep shape, and not accurately in the intended 
shape . 

[0072] Where the slit forming member is to be installed so 
as to protrude out of the extruding mouth piece, it is preferable 
that the slit forming member is a J bit. 

[0073] Where the slit forming member is to protrude out of 
the mouthpiece , a slit is cut into the molded article being extruded, 
resulting in the problem that the generated chip sticks to the 
slit forming member and thereby increases the machining resistance 
of the edge. An increase in the machining resistance of the edge 
is undesirable because it would distort the slit shape or break 
cell wall on both sides of the slits. 

[0074] Since a Jbit 45 has a hollowpart 46 ahead in the extruding 

direction of the molded article as illustrated in Fig. 6 (g) , this 
type of the slit forming member is preferable since the hollow 
part 46 can scrape and remove chips. 

[0075] Incidentally, where the slit forming member is to 

protrude inwardly toward the mouth piece, as it constitutes part 
of the extruding mouth piece and forms slits during extrusion 
step, no such problem arises. 

[0076] The slit forming member may as well be installed so 
as to protrude from only one side of the molded article. In this 
case, however, the greater length and the resultant greater 
flexibility of the slit forming member might invite distortion 
of the slit or break the cell walls on both sides of the slits. 



[0077] An arrangement to protrude the slit forming member 
toward inwardly toward the molded article from both sides of the 
molded article would reduce the risk of this problem, and is also 
preferable in that the slits formed would then be shorter in the 
internal portion of the structure and longer in the external 
peripheral portion . 

[0078] Adjustment of the protrusion, retracting and protruding 
depth of the slit forming member may be done with a hydraulic 
cylinder or an electromotive cylinder besides an air cylinder. 

[0079] To limit the maximum protruding depth of the slit forming 

member 51, a stopper 54 may be provided as illustrated in Fig. 
7 . 

[0080] It is preferable for the manufacturing apparatus 

according to the present invention to have monitoring means for 
monitoring the position of the molded article being extruded and 
control means for controlling the actions of the slit forming 
member based on the monitoring data, because slits of any desired 
length could thenbe formed in any desiredposition in the lengthwise 
direction of the molded article by controlling the actions such 
as protrusion and retracting of the slit forming member according 
to the monitored position. 

[0081] The monitoring means may be a sensor for monitoring 

the position of the molded article, a sensor for monitoring the 
extruded volume of a puddled mixture for a honeycomb body or a 
timer for monitoring the duration period of the extrusion of the 
puddled mixture . 
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[0082] For instance, in case of an apparatus for manufacturing 
a honeycomb body 61 (hereinafter referred to as a manufacturing 
apparatus) shown in Fig. 8 , this apparatus can control the movement 
of the slit forming member so as to protrude the slit forming 
member according to signals detected by sensors SI and S3, and 
retract the member according to signals detected by sensors S2, 
based on the result of monitoring the tip position of a -molded 
article with a plurality of sensors SI , S2, S3, and S4 consecutively 
arranged in the direction of extruding the slit forming member. 
The manufacturing apparatus 61 can provide a molded article in 
the vicinity of each of whose ends slits are formed. After the 
forming of slits, the extrusion of the puddled mixture is stopped 
in response to a detection signal from the sensor S5, and the 
terminal part of the molded article is cut off near a mouth piece 
63 . 

3. Objects of Application 

[0083] The manufacturing method according to the present 
invention is intended to use for the manufacture of a honeycomb 
structure having slits and having a plurality of arrays of numerous 
cells aligned in parallel. More specifically, for that of what 
has a plurality of "arrays of cells" in which the many cells in 
each array are not formed at random, but arranged in parallel 
in at least one direction of the honeycomb structure when viewed 
from the cell opening faces of the structure. 



[0084] As far as the above-mentioned conditions are met, any 
type of a honeycomb body may be manufactured by applying the 
manufacturing method according to the present invention; that 
is, irrespective of its overall shape, its size, its cell shape, 
diameter of its cell pore , its spacing of cells (cell wall thickness) 
or the like , andmaterials to be used for manufacturing the honeycomb 
body. For instance, the base can be tubular having a circular, 
square, rectangular or hexagonal sectional shape, and the material 
of the base may be selected as appropriate for the particular 
purpose out of various ceramic materials including alumina, 
titania, mullite, zirconia, cordierite, and any mixture of them. 

[0085] The shape of individual cells, too, can be circular, 
rectangular, pentagonal or hexagonal, and in some cases even a 
plurality of cell shapes can be formed in combination by using 
cell blocks such as the one illustrated in Fig. 4. 

[0086] However, it is preferable that the shape of the cells 
of the cell arrays in which the slits are tobe formed is a rectangular 
shape. This is because the slit forming member can move forwards 
easily along the internal wall of cells, thereby machining errors 
such as breaking adjacent cell arrays or cutting cell walls are 
prevented, in a case of a honeycomb body having rectangular cells 
whose internal walls are linearly configured relative to the 
protruding direction of the slit forming member. 
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4 . Usage of Honeycomb Structure 

[0087] A honeycomb structure having slits , as described above, 
can be used particularly suitably as a solid-liquid separation 
filter. For instance, a solid-liquid separation filter can be 
produced by drying a green honeycomb molded article produced by 
the manufacturing method according to the present invention, 
firing the resultant after sealing the cell opening faces of the 
slit-formed cell arrays thereof, and, in case of need, forming 
further ceramic filtering diaphragm on the internal walls of cells 
other than the cells in which the slits have been formed by dipping 
or the like. 

[0088] A honeycomb structure having slits according to the 
present invention may be usable as a heat exchanger. When the 
conventional type of honeycomb structure is used for preparing 
a heat exchanger, a plurality of honeycomb structures are crossing 
and stacking each other as a block 102 to form a heat exchanger 
101 by using the cells 105 thereof directly as a heat path, as 
is illustrated in Fig. 12(a). However, in case of a honeycomb 
structure having slits shown in Fig. 12 (b) manufactured according 
to the present invention, a heat exchanger 103 may be constituted 
of only a single body structure by using cell arrays having slits 
104 and being sealed with a sealing member 106 at their ends, 
and other arrays of cells 105 as crossing heat paths, respectively. 

[0089] Thus , the manufacturing method according to the present 
invention is advantageous in that such a heat exchanger can be 
integrally manufactured thereby. 



Embodiments 

[0090] The manufacturing method according to the present 
invention will be described in further detail with reference to 
embodiments thereof. It has to be noted, however, the present 
invention is not limited to the following embodiments. 
[0091] For both the Embodiments and the Comparative example, 

a puddled mixture formed by admixing alumina powder of 150 mm 
in average grain size, an organic binder and water was used as 
the molding material . 

[0092] For extrusion, a plunger extruder was used, and as the 

extruding mouth piece was used a hollow round one of 18 0 mm in 
inside diameter, in whose hollow part were arranged hexagonal 
cell blocks of 3 mm in the across flat length at a 3 . 6 mm pitch. 
This extruding mouth piece can give a honeycomb molded article 
in which about 2000 cells are formed. The extrusion length of 
the molded article was set to 1000 mm. 

[0093] In both the Embodiments and the Comparative example, 

nine slits were formed in every sixth cell array at the portion 
of 30 to 100 mm from the two ends of the respective honeycomb 
structures; all of which went through the respective honeycomb 

structure. Thus a total of 18 slits (9x2 ends) were formed per 
honeycomb structure . 

1) Machining errors 

[0094] The number of machining errors, including breakage of 

adjacent cell arrays and accidental cutting of cell walls, which 



occurred during the forming of 18 slits in a honeycomb structure 
were counted. Each case of complete absence of machining error 
was marked with ©, and one in which any error was found was marked 
with x. 

2) Accuracy of groove width 

[0095] For Embodiments 1 through 3, the groove widths of the 

slits were measured after drying the respective molded article 
in which slits had been formed. For Comparative Example 1, slits 
were formed into the dried article, and the groove widths of the 
slits were immediately measured thereafter. Groove widths of not 
less than 1 . 5 mm and within 2.5 mm were marked with ®, ones over 
2.5 mm or not more than 3.0 mm, with A, and others, with x. 

3) Hours required for machining 

[0096] Hours required to form 18 slits in each honeycomb 
structure were measured. Cases taking no extra machining time 
after the completion of the extrusion molding were marked with 
®, while others that did take an extra machining time after the 
completion of the extrusion molding was marked with x. 

Embodiment 1 

[0097] Slits were formed in a honeycomb structure at the 
extrusion step, using a manufacturing apparatus 1 shown in Fig. 
1(b), which was equipped with a plate 4 having a width of 2.4 
mm and a length of 6 .7 mm as a slit forming member . The slit forming 



member was installed so as to protrude within an extruding mouth 
piece 2, and from both sides of a molded article 3 inwardly toward 
a molded article 3. The results are shown in Tables 1 and 2. 
[0098] Incidentally, for the manufacturing apparatus of Fig. 

1(b) , the slit forming member installed on only one side of the 
molded article is illustrated for the convenience of the drawing, 
and the one on the other side is omitted. The same is true of 
the manufacturing apparatuses shown in Figs. 9 through 11, as 
well . 

Embodiment 2 

[0099] Slits were formed at the extrusion step by using a 

manufacturing apparatus 71 shown in Fig. 9, equipped with a pin 
74 having a diameter of 2 . 4 mm as a slit forming member. The slit 
forming members was installed so as to protrude within an extruding 
mouth piece 72 , and from both sides of a molded article 73 inwardly 
toward a molded article 73 . The results are shown in Tables 1 
and 2 . 

Embodiment 3 

[0100] Slits 85 were formed at the extrusion step by using 
a manufacturing apparatus 81 in Fig. 10, equipped with a J bit 
84 having a width of 2 . 4 mm as a slit forming member. The slit 
forming member was installed so as to protrude outwardly toward 
an extruding mouth piece 82 , but from both sides of a molded article 
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83 toward inwardly toward a molded article 83 . The results are 
shown in Tables 1 and 2 . 

Comparative Example 1 

[0101] After drying a molded article having no slits formed, 
the external side face of a honeycomb structure obtained as dried 
molded article 93 was marked with a line by connecting the specified 
portions of the respective cell arrays in which slits were to 
be formed at both end faces where cell openings were located of 
the structure 93, and slits 95 were formed by cutting the marked 
portions with a grinding stone 94 on which diamond was 
electro-deposited. The results are shown in Tables 1 and 2. 

Table 1 





Machining 
method 


Timing of slit 
formation 


Slit forming 
member 


Embodiment 1 

Embodiment 2 

Embodiment 3 

Comparat i ve 
Example 1 


Protrusion 
Protrusion 
Cutting 

Cutting 


During extrusion 
During extrusion 
During extrusion 

After drying/firing 


Planar 

Pin 
J bit 

Grinding stone 



Overall 
evaluation 


© © © x 


Cost 


© © © © 


Low 
Low 
Low 

High 


Workability 


© © © x 


Automatic, no 
marking 

Automatic, no 
marking 

Automatic, no 
marking 

Manual, 
marking 
required 


Tool 
durability 


© © © x 


Long 
Long 
Long 

Short 


Machining 
time 
(min) 


© © © x 


o o o £J 
m 


Accuracy of 
groove width 
(mm) 


© © © < 


1.5-2.0 

1.5- 2.0 
2.0-2.4 

2.6- 3.0 


Machining 
errors 

(numbers 
formed) 


© © © x 


o o o r- 




Embodiment 1 
Embodiment 2 
Embodiment 3 

Comparative 
Example 1 
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Results 

1) Machining errors 

[0102] While no machining error occurred with any of 

Embodiments 1 through 3, cell walls were accidentally cut in seven 
positions in Comparative Example 1. 

2) Accuracy of groove width 

[0103] Regarding Embodiments 1 through 3, although a slight 
contraction of slit width was observed after drying Embodiments 
1 and 2, there was no problem in practical use, and the accuracy 
of groove width was satisfactory in both cases. In Comparative 
Example 1, the accidental cutting of cell walls in some cases 
almost broke the cell walls, and the accuracy of groove width 
was poor. 

3) Machining time 

[0104] While no extra machining time was taken to form slits 
in Embodiments 1 through 3 because slits were formed simultaneously 
with extrusion, 32 extra minutes were taken for Comparative Example 
1 as 18 slits; nine each in two positions had to be formed while 
the worker was watching the article. 

4 ) Other findings 

[0105] For Comparative Example 1, as slits were formed in a 

hardened dried article, the grinding stone was worn out soon. 



On the other hand, for Embodiments 1 through 3, where a green 
body of a molded article was machined in every case, the slit 
forming member wore long. The planar slit forming member of 
Embodiment 1 lasted longest, followed by the pin of Embodiment 
2 and the J bit of Embodiment 3 in that order. 

[0106] Furthermore, while Embodiments 1 through 3 required 

no particular manual machining task as an automated manufacturing 
apparatus formed slits, the work on Comparative Example 1 was 
troublesome, involving marking on the external face of the 
structure and cutting while directly watching the structure with 
naked eyes. Moreover, in case of Comparative Example 1, it 
required a longer machining time per honeycomb structure, and 
the tool was quickly out of order. Furthermore, it required a 
high machining cost attributable to the troublesome work. 

[0107] To totally evaluate the above-described individual 
aspects, while Embodiments 1 through 3 gave satisfactory overall 
results, Comparative Example 1 involved problems in all respects 
including machining accuracy, machining time, tool durability, 
workability and cost. 

[0108] As hitherto described, the manufacturing method and 
the manufacturing apparatus according to the present invention 
permit accurate forming of fine slits to cut or grind the targeted 
cell array (s) alone and moreover are suitably applicable to mass 
production . 



